Sixteen barrows and gilts (sex effects were balanced within treatment, but not included in the model for analysis) were used in a 2 (porcine somatotropin; 2 mganhal-' ad-1 vs control) x 2 (10% dietary fat vs control) x 4 (time postmortem; 0, 3, 6, and 24 h) factorial treatment array to evaluate the effects of porcine somatotropin (pST) administration and level of dietary fat intake on the functional and textural characteristics of the semimembranosus muscle during the first 24 h postmortem. Porcine somatotropin administration resulted in a decrease (P < .05) in muscle tenderness, an increase (P e .05) in chilled carcass weight, and an increase (P e .08) in longissimus muscle area. The pH values were lower over time with elevated levels of dietary fat, but pST resulted in no alterations in muscle pH. The R-values (the ratio of inosine to adenine nucleotides) were unaffected by pST or by level of dietary fat, but the combination of the two resulted in an increase in moisture binding capabilities. It could be concluded from the present study that pST and inmased level of dietary fat result in an alteration of certain functional (tenderness) and textural (water binding ability and cooking losses) characteristics of the porcine semimembranosus muscle.
necessary to do this and, at the same time, to reduce costs for the producer.
Somatotropin treatment of finishing hogs has been shown to improve feed efficiency, increase growth rate, and decrease carcass fatto-lean ratios (Boyd et al., 1986; McLaren et al., 1987) . At present, limited information is available to indicate the effects of somatotropin on the processing and yield properties of processed pork products. The present study was undertaken to determine the effects of somatotropin on the processing properties of porcine meat. Hot processing is a practice that is presently used by some segments of the pork industry. The biochemical and muscle properties of pST-treated pork may be different depending on the time postmortem. Therefore, the processing properties of pork from pigs fed diets with pST and added fat was evaluated at different processing times. The effects of 1975 increased dietary fat were addressed in relation to pST. Preliminary data show that 10% dietary fat increased the efficiency of gain in finishing pigs.
Because of the practical applications represented by pST and added dietary fat, the present study was undertaken to determine the changes in processing quality, functional and textural characteristics of porcine semimembranosus muscle at various times postmortem from pigs treated with pST.
Materlals and Methods
Treatments. Sixteen barrows and gilts (sex balanced within each treatment, but sex effects not included in the model for analysis) were assigned to a 2 (control vs pST) x 2 (control vs 10% dietary fat) x 4 (time postmortem) factorial treatment array with a split-plot-intime arrangement using time postmortem (0, 3, 6 , and 24 h) as subplots of hormonal treatment (control = vehicle [1.0 ml 25 mM sodium bicarbonate] injected i.m. and pST dose = 2 mg pST.animal-l-d-l injected i.m. into the gluteus area of the ham) and two levels of dietary fat intake (0% added fat and lWo added poultry fat). Treatments were arranged as follows: 1) control diet, vehicle injected, 2) high-fat diet (10% added fat), vehicle injected, 3) control diet, 2 mg pST-animal-'.d-'; and 4) high-fat diet (10% added fat), 2 mg pST-animal-'.d-'. The duration of the trial was 28 d; pigs with an approximate beginning weight of 87 kg were used (for live animal performance data see Azain et al., 1991). Animals were given ad libitum access to a corn-soybean meal diet Uable 1) with the control diet formulated to contain 14% CP and .4% added lysine (total calculated lysine value of .96%) and the high-fat diet formdated to contain 16.3% CP, 10% poultry fat, and 1.16% total calculated lysine. The calorie:protein and 1ysine:protein ratios were similar between the diets. Diets were formulated to meet or exceed the nutritional requirements currently recommended by the NRC (1988) . No medication was added to the diets or administered to the animals during the study.
The pigs were housed for the duration of the study at the University of Georgia swine 5~~~t~ CO., st. LOU~S, MO. from each of eight pens were randomly removed for slaughter. Slaughter occurred over a 2 6 period, pigs were electrically stunned (320 V, .5 A) and exsanguinated according to normal slaughtering procedures at the University of Georgia meat laboratory. The semimembranosus muscle (SM) was excised from the right side of the carcasses 10 min postmortem, 1-to 2-g samples were removed for chemical analysis, and the remaining muscle from each animal was vacuum-sealed in plastic bags and stored at 2'C for the subsequent chemical analyses 3, 6, and 24 h later. Carcass Qualiry Determination. The left side of each carcass was chilled overnight at 2'C. The carcasses were ribbed between the loth and 11th ribs and standard carcass measurements, including chilled carcass weight, fat opposite the first and last rib and pST EPPECTS ON PORK opposite the last lumbar vertebra, fat opposite the longissimus dorsi at half the distance of the 10th-rib interface, ham muscle score, carcass length, depth of chine and exposed gluteus medium muscle depth, and loineye area, were taken at 18 h postmortem. Quality factors (marbling score, color, percentage of four lean cuts, and firmness of exposed lean) were obtained at an interface between the 10th and 11th ribs according to the procedures outlined in the National Pork producers Council standards (1983) for evaluation of market hog performance. Carcasses were scored using a 5-point scale for marbling (5 = abundant and 1 = devoid), for lean firmness (5 = extremely firm and 1 = extremely soft), and for lean color (5 = extremely dark red and 1 = pale and white).
R-value Determination. The R-values were determined immediately upon excision of the SM for 0-h time analysis and prior to further sample processing for analysis at 3, 6, and 24 h postmortem. Values were determined according to the method of Honikel et al. (1981) using the ratio of inosine to adenine nucleotides as a numerical measurement of the state of rigor of the muscle. This procedure involves the extraction of the nucleotides and the clarification and determination of the ratio of W light absorption of 250260 nm.
Sample Processing. Frozen samples of the SM were tempered to 25°C in a water bath for 15 min. All samples were cooked to an internal temperature of 80°C by immersing the bagged sample into a steam-heated, mechanically stirred W C water bath for approximately 15 min. Internal temperature of the samples were determined by inserting meat thermometers into two muscles prior to bagging. In all cases, the two thermometers were within S'C of each other. After cooking, the samples were immediately removed from the bags, evaluated for pH, and weighed to determine cooking losses.
Calculations for Moisture Binding Abiliv.
Cooking yield was determined as follows: Yield = 100 x Cooked weight/Initial weight. Purge loss was determined on the 3, 6, and 24-h samples and was calculated as follows: Objective Texture Determination. Objective texture of the samples was determined by removing duplicate 2Scm-wide strips from the center of 1.3-cm-thick slices. A single flatedged blade, 3.0 mm thick, was attached to a 100-kg load cell; crosshead and chart speeds were 200 and 50 mm/min, respectively (Lyon, 1989) . The Instron Universal Testing Machine6 in concert with a dedicated computer (Microcon) was used to record maximum force required to shear the sample across the fibers. The force (kg) was then divided by sample weight to determine shear force as kilograms/ gram. The shear force data were p l e d between duplicates.
Objective Color Determination. Objective color was determined at 0 and 24 h using the Hunter L*a*b* system, where L* is lightness, a* is redness, and b* is yellowness, A Minolta CR 100 colorimeter7 was used, and the exposed surface of the muscle was overwrapped with polyvinylchloride fii. Duplicates of each sample were made and the data were pooled for analysis.
Statistical Analysis. Sixteen barrows and gilts (sex balanced within each treatment, all sex effects were not included the model for all analysis) were assigned to a 2 treatment x 2 dietary fat level x 4 time postmortem factorial treatment array with a split-plot-in-time arrangement using time postmortem as subplots of hormonal treatments and dietary fat level. Sex effects were not significant and did not affect any criterion measured. Thus, sex effects were pooled and included in the error term. The data were analyzed by the GLM pmedure of SAS (1985) . Treatment least squares means were compared using treatment standard error.
Results and Discussion
Carcass Characteristics and Quality. The increase in muscle mass associated with pST treatment and the concomitant decrease in lipid content reported by previous researchers (Boyd et al., 1986) did not occur in this study (Tables   2, 3 and 4). The only significant difference observed for carcass characteristics was a 4% increase in carcass weight for pST-vs nonpST-treated pigs (Table 3) . This is consistent with the data of Etherton et al. (1986) 'Means in same row with similar superscripts do not differ (P z .OS). bScored on a 5-point scale (5 = abundant and 1 = devoid). 'Scored on a 5-point scale (5 = extremely firm and 1 = extremely soft). %cored on a 5-point scale (5 = extremely dark red and 1 = pale and white).
deposition from 34 to 50% (Campbell et al., 1988), a decrease in carcass lipid content by 25% (Etherton et al., 1987) , and as much as a 5cm2 increase in longissimus muscle area (Etherton et al., 1986 (Etherton et al., , 1987 , we noticed few carcass differences (P c .OS) in this study. It should be noted that a trend (P < .OS) for hogs treated with pST and pST plus fat to produce carcasses with larger longissimus muscle areas was observed (Tables 2 and 3 ). This trend would have resulted in leaner products and higher yields of the four lean cuts. In addition, the fat measured opposite the loineye, first rib, last rib, and last lumbar vertebra was decreased (P < .08) by pST treatment and would increase the yield of the four lean, high-priced cuts. The approximate 1% numerical advantage (P < .lo) in percentage of muscle (Table 3) as shown for the pST-treated hogs compared with the controls would have a major influence on the dressed yield and four lean cut yield and on the volume of saleable product for major pork packers. The low number of replications per treatment group probably resulted in the trend differences that were shown in these data An important finding of this research was that no quality criteria (except tenderness) were shown to be altered by pST treatment. Consequently, boneless, cured meat products would not be of lower quality. The lack of expected magnitude of response to the pST may be explained by the short duration of the trial (28 d), the heavy initial weight of the pigs used, the low level dosage that was administered, or an interaction of these three factors.
Biochemical Postmortem AIterations.
Raw pH values ranged from 6.34 for the controls to 6.14 for no pST-10% fat treatment at 0 h (Figure 1 lower at 3 and 6 h than those observed for the control. Postmortem pH of porcine muscles decreases rapidly (compared to beef muscle), and these values are clearly below the antemortem pH values for the muscle of normal pigs. The rapid decrease in pH might allow processing of whole muscle meats from hotresulting in the loss of important processing properties or water binding capabilities of the product. The use of pST-treated pork for hot processing may be of substantial importance for the processing industry.
R-Value Detem'nation.
Estimates of the state of rigor (R-value) of the pieces of the SM muscle were unaffected by the various treatments used in this study (data not shown). There might have been significant changes if the degrm of variatian had not been so large. The normal formation of rigor in pork occufs rapidly postmortem (approximately 30 min to processed, p!n-treated pork carcasses without 1 h postmortem) and would not be expected to vary d e s s the energy sowes or biochemical environment of the muscle were altered significantly.
Purge Losses. W a t e r binding ability, in terms of purge over time compared with loss during cooking, was altered by the addition of pST (I3gure 2). Both pST treatments resulted in a lower purge loss over time. The control was obviously higher at 6 h but was cornparable to the pST-no fat treatment by 24 h. The no pST-10% fat treatment was highest after 24 h of storage. Porcine somatotmpin treatmeat prolonged the water binding ability of the SM muscle and may have a positive influence on the water binding ability of hot-processed cuts h pST-treated pigs. By allowing the muscle to bind water at an increased rate early 6.50 postmortem, pST may allow the development of hot processing of whole muscles and commuted meats. The significant decrease in purge losses may be the most important finding of this research study, because ability of pork muscle to bind water is probably the single most important profit trait for the meat processor. A 1% increase in bound water could result in many dollars in savings.
Cooking Losses. Cooking losses were influenced by the level of dietary fat but not by the pST treatment (Figure 3) . The control muscle pieces had the lowest losses at all time intemals, except for the 24-h storage time. The no pST-10% fat treatment was higher for all time intervals, and the two pST treatments were intermediate, except for at the 24-h analysis, in which pST treatment resulted in cooking losses equal to those of the control.
Shear-Force Determination. Shear-force values were affected by pST treatment during the first 6 h of storage (Figure 4) . Both pST treatments resulted in an increase in shearforce values above those of the controls and the no pST-10% fat treatment at the 3-h and 6-h postmortem analysis. These results are consistent with those of Solomon et al. (1988) , who found a 17.1% increase for shear values of pST-treated meat. Jones et al. (1985) also found that greater shear values were associated with pigs receiving increasing levels of the beta-adrenergic repartitioning agent cimateml. Although the reason for the increase in shear values remains unclear, Solomon et al. (1988) proposed that it may involve an alteration of the muscle fiber type percentages and areas. In future studies of this kind, fiber typing would be recommended. It is difficult to determine whether these tenderness differences will be perceived by the consumer; however, it should be noted that these values are within the normal shear values associated with normal pork products. There is a need for research to determine whether wnsumer and sensor panels can perceive tenderness prob lems with pST-treated pork.
Objective Color Determination. Hunter L* values, a measure of lightness, increased with storage time ikom 0 to 24 h ( Table 5 ). The no pST-10% fat treatment was highest at both 0 and 24 h. Hunter a* values, a measure of the degree of redness, were lowest for the control at 0 h and increased over the 24-h storage period, with the two high fat treatments having the higher values at both times. Hunter b* values, a measure of the degree of yellowness, increased with storage time; the pST-lO% fat treatment was lowest at both times. Porcine somatotropin treatment increased the Hunter b* values compared with the control at 0 h. The improvement in color scores and a decrease in purge loss with the addition of pST might favor the advent of hot processing pSTtreated pigs.
Implications
The results of this study indicate that porcine somatotropin and(or) the addition of fat to the diets of finishing pigs results in alterations of certain functional, textural, and biochemical criteria. The use of porcine somatotropin increased muscle percentage and decreased fat, but it also resulted in muscles that were less tender and that required greater force to shear. The decrease in tenderness occurred during the first 6 h postmortem and might have implications for those processors who use hot processing in their production scheme. The addition of dietary fat in Conjunction with the use of porcine somatotropin resulted in increased moisture binding ability with lower purge and cooking losses. 'Ihe increased advantage shown in water binding capacity may have a significaut profit impact for the pork processor. Dietary fat addition alone created lower pH values over time, whereas R-values were unaffected by either porcine somatotropin or difat, or by a combination of the two.
